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Öz
Amaç: Tendinopati hastalık patogenezi kesin olarak ortaya konulamamıştır. 
Küçük integrin bağlayıcı ligand N-bağlı glikoprotein (SIBLING) ailesi, osteo-
pontin (OPN) ve kemik sialoprotein (BSP) moleküllerini de içeren kollajen-dışı 
protein ailesidir. Önceki çalışmalarda, SIBLING ailesi moleküllerinin minerali-
ze dokular ile sınırlı olduğu düşünülmüş ancak son yapılan çalışmalarda daha 
geniş dağılımı olduğu ve non-mineralize dokularda da eksprese olduğu gös-
terilmiştir. Çalışmamızda, tendinopati hastalığı ile serum OPN ve BSP arasın-
daki ilişkiyi araştırmayı amaçladık. Gereç ve Yöntem: Bu prospektif çalışmaya, 
39 kadın tendinopati hastası ve 39 sağlıklı kadın dahil edilmiştir. Serum OPN 
ve BSP seviyeleri, enzim-ilişkili immunosorbent yöntemi ile ölçüldü. Ayrıca vü-
cut kitle indeksi, eritrosit sedimentasyon hızı (ESR), beyaz küre sayısı (WBC) 
ve nötrofil-lenfosit oranı (NLR) ölçüldü. Bulgular: İki grup arasında serum BSP 
düzeyleri arasında fark saptanmadı (41.83 ± 52.03 vs. 53.64 ± 53.06 ng/
mL, p=0.276). Hasta ve kontrol grup arasında serum OPN düzeyleri açısından 
fark bulunamadı (57.37 ± 21.61 vs. 77.72 ± 72.14 ng/mL, p=0.363). İki grup 
arasında WBC, NLR ve ESR değerleri açısından fark bulunamadı (p=0.897, 
p=0.795, p=0.405 geriye dönük olarak). Hasta grubunda, serum BSP seviyele-
ri ile WBC, ESR ve NLR değerleri arasında korelasyon tespit edilemedi. Tendi-
nopati hastalarında serum OPN seviyeleri ile NLR değerleri arasında negatif 
korelasyon saptandı. Tartışma: Bu çalışma sonuçlarına göre, tendinopati has-
talığı patogenezinde OPN ve BSP molekülleri yer almamaktadır.
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Abstract
Aim: The pathogenesis of tendinopathy remains unclear. Small integrin-
binding ligand N-linked glycoproteins (SIBLING), a family of non-collagenous 
proteins including osteopontin (OPN) and bone sialoprotein (BSP), were ini-
tially thought to be limited to mineralized tissue, but recent studies have 
reported that they are more widely distributed and are expressed in non-
mineralized tissues. The aim of this study was to investigate relationships 
between serum OPN and BSP levels and tendinopathy disease. Material and 
Method: 39 female tendinopathy patients and 39 female healthy volunteers 
were recruited for this prospective observational study. Serum OPN and BSP 
levels were measured using enzyme-linked immunosorbent assay. We also 
measured body mass index and erythrocyte sedimentation rate (ESR), white 
blood cells (WBC), and neutrophil-lymphocyte ratio  (NLR). Results: There 
were no significant differences in serum BSP levels between the two groups 
(41.83 ± 52.03 vs. 53.64 ± 53.06 ng/mL, p=0.276). There were also no signifi-
cant differences in serum OPN levels between the two groups (57.37 ± 21.61 
vs. 77.72 ± 72.14 ng/mL, p=0.363). There were no significant differences 
in WBC, NLR, and ESR values between the two groups (p=0.897, p=0.795, 
p=0.405, respectively). There was no correlation between serum BSP levels 
and OPN, WBC, NLR, and ESR levels in the patient group. Patients with ten-
dinopathy had a negative correlation between serum OPN levels and NLR 
levels. Discussion: The results of this study have indicated that BSP and OPN 
levels are not involved in the pathogenesis of tendinopathy. 
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This study was previously available as poster presentations in World Congress on Osteoporosis, 
Osteoarthritis and Musculoskeletal Diseases (14-17 April 2016) at Malaga/Spain.

Journal of Clinical and Analytical Medicine  | 271



 | Journal of Clinical and Analytical Medicine

TENDINOPATHY AND SIBLING FAMILY

2

Introduction
Tendinopathy is a condition characterized by a change in the 
inflammatory response of tendons to stress, degeneration of 
the tendons, and tearing of the tendon fibrils. This condition 
can be caused by excessive and repeated mechanical load. It 
is thought that this can cause disruption of the integrity of the 
matrix and degeneration of the tendons by activating oxidative 
stress and apoptotic processes [1, 2]. In affected tendons, thin 
and disorganized collagen fibrils, increased collagen and matrix 
protein, increased active tenosynovitis, and revascularization of 
the tendons can be seen [3]. The etiology and pathogenesis of 
the disease are not fully understood, but many risk factors such 
as obesity, inflammation, trauma, hypoxia, and drugs such as 
fluoroquinolone have been recognized [2-5].
Small integrin-binding ligand N-linked glycoproteins (SIBLINGs) 
are a family of non-collagenous proteins consisting of five 
members: osteopontin (OPN), bone sialoprotein (BSP), dentin 
matrix protein (DMP1), dentin sialophosphoprotein (DSPP), and 
matrix extracellular phosphoglycoprotein (MEPE). SIBLING fam-
ily members were initially thought to be limited to mineralized 
tissue, i.e. bones and teeth, but studies have revealed that they 
are more widely distributed and are also expressed in nonmin-
eralized normal tissues such as salivary gland and kidney [6-8]. 
A recent study in 2016 showed that OPN and BSP-4 were pres-
ent in enthesis; the study suggested that BSP plays a regulatory 
role in enthesis and may be a useful therapeutic molecule in the 
reattachment of tendons and ligaments to bone [9].
Musculoskeletal tissue cells, including osteoblasts, chondro-
cytes, myoblasts, and skin and tendon fibroblasts, share the 
common stem cells, differentiated mesenchymal stem cells 
[10,11]. Thus, Mori et al. have suggested that the musculoskel-
etal tissues should be categorized as the same functional unit 
developed from the mesenchymal stem cells [12]. This theoreti-
cal background led us to hypothesize that OPN and BSP could 
be involved in tendinopathy pathogenesis. 
The aim of this study was to compare bone sialoprotein and os-
teopontin and inflammatory parameters [erythrocyte sedimen-
tation rate (ESR), white blood cell (WBC), neutrophil-lymphocyte 
ratio (NLR)] levels between tendinopathy and the control group 
and to present new evidence related to pathogenesis tendinop-
athy disease. 
      
Material and Method
Study population:
This pilot, prospective, case-control study was conducted at 
Dicle University, Medical Faculty Hospital, Diyarbakır, Turkey 
between January 2016 and April 2016. Tendinopathy diagnosis 
was based on physical examination and radiological evaluation. 
39 female tendinopathy patients aged 24-34 years were includ-
ed in the study. 39 female healthy volunteers, with normal ra-
diological examinations and clinical histories and examinations, 
who visited the hospital for routine physical examinations were 
enrolled as controls. We included only female patients to ho-
mogenize the sample, as there are differences between women 
and men that couldinfluence BSP and OPN levels. Controls were 
matched in terms of age and body mass index (BMI) with the 
patients. The BMI is defined as the body mass (weight) divided 
by the square of the body height, and is universally expressed 
in units of kg/m2. Clinical information including age, course of 

disease, and biochemical analyses (whole blood count, erythro-
cyte sedimentation rate) were obtained from the hospital data 
system. 
Participants with a history of smoking, acute or chronic infec-
tious diseases, cardiovascular diseases, cerebrovascular dis-
ease, diabetes mellitus, obesity (BMI >30), abnormal liver or 
renal function tests, malignancies, musculoskeletal surgery or 
injury within the previous two months, other musculoskeletal 
disease (rheumatoid arthritis etc.), autoimmune, endocrine, or 
metabolic disorders, cancers, pregnancy, thrombosis, and liver 
or chronic renal insufficiency were excluded from the study.
The study was approved by the Research Ethics Committee of 
Dicle University Medical School and was performed in accor-
dance with the ethical standards stated in the 1964 Declara-
tion of Helsinki. Written informed consent was obtained from 
all patients and healthy volunteers prior to their participation 
in this study. 
Standard tubes with a constant amount of ethylenediamine-
tetraacetic acid (EDTA) were used for the whole blood count. 
All blood samples were studied within one hour of sampling. 
The whole blood count analyses, based on the technique of la-
ser flow cytometry scattergrams, were performed in the central 
laboratory of our institution using the same analyzer (Medonic 
CA-620, Sweden) which is routinely checked every day. Whole 
blood count parameters of participants were recorded from the 
same computerized database. ESR was determined using an 
automated Westergren method (Sedimat 15, LP Italiana, Italy).

Measurement of OPN and BSP
Blood samples were obtained from the antecubital vein of 
all participants after overnight fasting. After clotting, blood 
samples were centrifuged at 2000 × g for 10 min, serum was 
separated, and aliquots were stored at −80°C until examination. 
Se¬rum OPN and BSP concentrations were determined using a 
commercially available enzyme-linked immunosorbent assay kit 
(SunRedbio; Shanghai, China) according to the manufacturer’s 
instructions. The samples were processed as recommended by 
the kit and run in random for the ELISA. The colour intensities 
were measured by a plate reader (DAR 800 microplate reader, 
Chemtron Pte Ltd, Singapore) with a measuring filter of 450 
nm. The results were expressed as nanograms per milliliter 
(ng/mL). The standard curve ranged from 20 ng/mL to 640 ng/
mL of OPN and the standard curve showed a direct relation 
between optical density and OPN concentration. The standard 
curve of ELISA for BSP ranged from 5 ng/mL to 160 ng/mL 
and the standard curve showed a direct relation between opti-
cal density and BSP concentration. The sensitivity of the BSP 
and OPN commercial kit were 0.435 ng/mL and 2.045 ng/mL, 
respectively. The intra-assay coefficients of variation of the as-
says were <10%. Assay ranges were 0.5-150 ng/mL for BSP 
and 5-600 ng/mL for OPN.

Statistical analysis 
All statistical analyses were performed using SPSS 22.0 soft-
ware (Chicago, IL, USA). Data were tested for normal distri-
bution using the Shapiro Wilk test. Data are expressed as 
mean±standard deviation. Student’s t-test for independent 
samples was used to analyze and in cases of normal distribu-
tion, Mann-Whitney’s U test was used to compare the groups. 
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The correlations between the variable pairs were analyzed us-
ing Spearman’s correlation test. Differences between groups 
were significant when p< 0.05. 

Results
A total of 78 female patients (39 tendinopathy and 39 controls) 
were included in the study. Baseline clinical characteristics are 
shown in Table 1. There were no significant differences be-
tween the patient group with tendinopathy and healthy controls 
in terms of age and BMI (p=0.162, p=0.362, respectively). 
WBC values were 7.18 ± 1.49 x10³/mm³in patients with tendi-
nopathy vs. 7.30 ± 1.48 x10³/mm³ in the control group. Mean 
NLR levels were 2.12 ± 0.75 in patients with tendinopathy vs. 
2.18 ± 0.47 in the control group. ESR values were 12.1 ± 9.8 
mm/h in patients group and 10.9 ± 3.4 mm/h in controls group. 
There were no significant differences in WBC, NLR, and ESR 
values between the two groups (p=0.897, p=0.795, p=0.405, re-
spectively) (Table 1).

Mean BSP values were 41.83 ± 52.03 ng/mL in patients with 
tendinopathy vs. 53.64 ± 53.06 ng/mL in the control group. 
Mean OPN values were 57.37 ± 21.61 ng/mL in patients with 
tendinopathy vs. 77.72 ± 72.14 ng/mL in the control group. 
There were no significant differences in serum BSP and serum 
OPN levels between the two groups (p=0.276, p=0.363, respec-
tively) (Table 2).

There was no correlation between serum BSP levels and OPN, 
WBC, NLR, and ESR levels in the patient group (Table 3). Pa-
tients with tendinopathy had a negative correlation between 
serum OPN levels and NLR levels, but no significant correlation 
was found between serum OPN levels and WBC and ESR levels 
(Table 4).

Discussion
Tendinopathy is a painful condition that occurs in and around 
tendons in response to overuse. Various intrinsic and extrinsic 
risk factors have been identified, but the molecular pathogen-
esis and etiology of the disease remains unclear and unknown. 

To our knowledge, this is the first study to reportserum BSP 
and OPN levels in tendinopathy patients; we demonstrated that 
OPN and BSP levels did not significantly differ in the sera of 
tendinopathy patients, when compared to a healthy control 
group.
The SIBLING protein family has been defined based on the com-
mon structural, biochemical, and genetic features of its mem-
bers [13]. They share common exon-intron features, are located 
on the same human chromosome (4q21), contain an Arg-Gly-
Asp (RGD) integrin binding site that mediates cell attachment/
signaling, and undergo similar post-translational modifications 
such as phosphorylation and N-glycosylation [6,13].
Bone sialoprotein is an acidic phosphorylated glycoprotein con-
taining RGD cell attachment sequence that belongs to the SIB-
LING family of proteins. BSP is a multifunctional protein and 
is synthesized by osteoblasts, osteoclasts, and other skeleton-
associated cell types [14]. BSP plays a crucial role in the pro-
cess of bone mineralization, resorption, remodeling, and repair 
[6]. Several studies have revealed that BSP is a promoter for 
the initial formation of hydroxyapatite crystals in mineralized 
tissue and an early marker of osteogenic differentiation [13, 
15, 16]. BSP is overexpressed in osteotrophic cancer tissues, 
including breast, colon, prostate, lung, and thyroid cancers and 
is involved in cancer cell growth, adhesion, proliferation and mi-
gration, metastasis, and angiogenesis [6, 17, 18). Also, Bellah-
cene et al. demonstrated that BSP mediates human endothelial 
cell attachment and migration through the interaction of its 
RGD domain with endothelial cell integrin receptors and might 
be an important factor for the angiogenesis process in bone 
formation and tumour growth and metastasis [19]. In a recent 
2016 study, Marinovich et al. reported that BSP presents in the 
mouse enthesis and BSP plays a regulatory role in this struc-
ture [9]. In this study, we analyzed serum BSP levels in tendi-
nopathy patients and we showed that no significant differences 
were found in serum BSP levels between tendinopathy patients 
and controls. Our results indicate that BSP is not related to the 
pathogenesis of tendinopathy.  
Osteopontin (OPN), also known as secreted phosphoprotein 
(Spp1) or early T lymphocyte activation-1 (Eta-1), is a multi-
functional cytokine, adhesion protein, and a member of the SIB-
LING ligand family. OPN is expressed in various cell types and 
tissues such as osteoblasts, osteocytes, chondrocytes, smooth 
muscle cells, skeletal muscle, T cells, macrophages and den-
dritic cells, endothelial cells, fibroblasts, and hepatocytes [20]. 

Table 1. Baseline clinical characteristics of tendinopathy patients and the con-
trols

Tendinopathy 
patients (n=39)

Controls 
(n=39)

p value

Age 29 ± 5 27 ± 5 0.162

BMI (kg/m2) 23.32 ± 1.57 23.42 ± 2.76 0.362

WBC (x10³/mm³) 7.18 ± 1.49 7.30 ± 1.48 0.897

NLR 2.12 ± 0.75 2.18 ± 0.47 0.795

ESR (mm/h) 12.1 ± 9.8 10.9 ± 3.4 0.405

Abbreviations: ESR: Erythrocyte sedimentation rate; WBC: White blood cell; 
NLR: Neutrophil to lymphocyte ratio; BMI: Body mass index

Table 2. Serum levels of BSP and OPN in tendinopathy patients and the controls

Tendinopathy
patients (n=39)

Controls 
(n=39)

p value

BSP (ng/mL) 41.83 ± 52.03 53.64 ± 53.06 0.276

OPN (ng/mL) 57.37 ± 21.61 77.72 ± 72.14 0.363

Abbreviations: BSP: Bone sialoprotein; OPN: Osteopontin

Table 3. Relationship between BSP and OPN, WBC, NLR and ESR in tendinopa-
thy patients

OPN WBC NLR ESR

BSP r value 0.179 0.112 -0.154 0.021

p value 0.275 0.497 0.351 0.898

Abbreviations: ESR: Erythrocyte sedimentation rate; WBC: White blood cell; 
NLR: Neutrophil to lymphocyte ratio; BSP: Bone sialoprotein; OPN: Osteopontin

Table 4. Relationship between OPN and BSP, WBC, NLR and ESR in tendinopa-
thy patients

BSP WBC NLR ESR

OPN r value 0.179 0.044 -0.337 -0.156

p value 0.275 0.789 0.036 0.342

Abbreviations: ESR: Erythrocyte sedimentation rate; WBC: White blood cell; 
NLR: Neutrophil to lymphocyte ratio; BSP: Bone sialoprotein; OPN: Osteopontin

Journal of Clinical and Analytical Medicine  | 273

TENDINOPATHY AND SIBLING FAMILY



 | Journal of Clinical and Analytical Medicine

TENDINOPATHY AND SIBLING FAMILY

4

OPN is involved in a wide spectrum of physiological and patho-
logical processes such as biomineralization, tissue remodeling, 
wound healing, tumorigenesis, fibrosis, cellular immunity, and 
inflammation [20, 21].  Studies have shown that OPN is as-
sociated with the pathogenesis of autoimmune disorders such 
as multiple sclerosis, systemic lupus erythematosus, rheuma-
toid arthritis, atherosclerosis, chronic obstructive pulmonary 
disease, Crohn’s disease, liver diseases, cancers, obesity, and 
diabetes [20-22]. Takeuchi et al. showed that OPN is involved in 
the process of calcification of rotator cuff tendons [23]. Mori et 
al. revealed that OPN plays a crucial role in regulating tendon 
remodeling induced by stress deprivation and that OPN may act 
as a transducer of mechanical stress to the tendon fibroblasts 
[12]. Recently, Marinovich et al. showed that OPN presents in 
the mouse enthesis [9]. In this study, we examined serum OPN 
levels in tendinopathy patients and we showed that no signifi-
cant differences were found in serum OPN levels between ten-
dinopathy patients and controls. Our results indicate that OPN 
is not involved in the pathogenesis of tendinopathy.  
The role of inflammation in the development and progression 
of tendinopathy has been investigated in many studies, but it is 
still uncertain and controversial. With results from newly-devel-
oped immunohistochemical techniques and genetic studies, it is 
now thought that inflammation plays a role in the pathogenesis 
of the disease [3]. We investigated the relationship between 
serum OPN and BSP levels and inflammatory markers including 
NLR and ESR in patients with tendinopathy. We did not find any 
correlations between BSP levels and inflammatory markers. But 
we found a negative correlation between OPN and NLR levels 
in the patient group. This is consistent with previous studies. 
Multiple studies have demonstrated that OPN is expressed by 
immune system cells such as neutrophils and macrophages and 
was found to act as a proinflammatory cytokine and to play an 
important role in inflammation and regulation of tissue repair 
[20]. OPN induces neutrophil migration and serves as a potent 
neutrophil chemoattractant [24]. In previous studies, the rela-
tionship between OPN and NLR in liver cancer was investigated 
and it has been suggested that the combination of OPN and 
NLR may have a stronger prognostic value in primary liver can-
cer [25]. In future studies, the relationship between OPN and 
NLR should be analyzed in inflammatory conditions and tendon 
related diseases.
We must acknowledge some limitations of this study. The sam-
ple size of our study was small. Moreover, in our study, patient 
and control groups consisted of the same gender (female). Pre-
vious studies have shown that gender differences could affect 
BSP and OPN levels so we included only female patients to ho-
mogenize the sample.Thus, the subjects are not representative 
of the general population, but instead representative only of 
the female gender. In future studies the levels of BSP and OPN 
should be analyzed in the general population.
This pilot study demonstrates that serum OPN and serum BSP 
levels did not differ in the tendinopathy patients group and this 
indicates that BSP and OPN are not involved in tendinopathy 
pathogenesis. Further large-scale and more detailed prospec-
tive studies of the relationship between small integrin-binding 
ligand N-glycoproteins family members and tendinopathy are 
needed.  
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